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(57)Abstract 

PURPOSE: To provide an exposure base which can provide a uniform phase difference 
and uniform transmittance within its surface, an exposure mask, and a method for 
manufacturing the exposure base by adjusting the complex index of refraction the 
element composition ratio of a semitransparent film according to the thickness of the 
semitransparent film. 

CONSTITUTION: In an exposure base comprising a translucent base 41 on which is a 
semitransparent film 42 having the desired phase difference to the base 41 and the 
desired transmittance, the complex index of refraction or the element composition ratio 
of the semitransparent film 42 is adjusted to match the thickness of the 
semitransparent film 42, Adjustment of the complex index of refraction of the film is 
performed in such a way that during film formation a distribution of reactive gas in a 
film forming device is provided to correspond to the speed of film formation. 
Adjustment of the element composition ratio of the film is achieved by performing it 
during film formation in such a way as to correspond to the thickness of the film being 
formed. Thus the complex index of refraction of the semitransparent film 42 is ac(justed 
by adjustment of the composition ratio to correspond to a difference in thickness of 
the semitransparent film 42, so that a uniform phase difference and uniform intensity 
transmittance can be obtained within the surface of the base 41. 
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©4>^giS 1 2 c mftl*)©^^^®^* 4 4 ~ 2 0 %© 

sr. mm. x«^©tfJssJt*A*<tt*cirB»r* 

4»WW«bWAc«< fe^ttSSWU B.-3JW**W.»» 



, #W8- 1 37 09 4 

10 

#-C®BR. mm. X«?K^©^JS7!iS I V«gc« 

[0 05 8] (8-5) &S2 4 8 nmtC*JW?.«S^fflai5 
1 2 c mftrtOTJWttKail**** ~ 2 0%CD 
*3MHJR*fB*i"S4**c. *aHllJ«©ttflfcT«*. ^ 

sr. mm. a* 

#-Cl£3t 8SR. &3R. X«?KJR©^^7ijS I VBotSR 
.0 ;c*t1-^ffl)SJ:h^ffe©S^il:t*5U®< ft£ <fc 55cgtf£ 
•T-&J: i 5(CL''Ct,^. 

[0 059] (8-6) iSS 1 9 3 n mtC*jW£S53fcE«« 
©cp^gP 1 2 c mft rtflOViWaitaii*** 4-2 0%© 

*. mm. Xtt*SR©^b*^*<&*c±riKJT3s 
20 [ o o 6 o ] ( 9 ) g*!S7csmja;J£©i«#> 

[0 06 1 ] (9-1) K365n mlCfcWSS*ffltt« 
©ttJ^SB 1 2 c mft rtO^SSSSii^* 5 4 ~ 2 0 %<D 

JR. X(i*«©ffl^t* 1 ^^<^* c<!: " c ' s ^ 

xmrnm. mm. x«*35*ftt?*f^-r*4ti-& 

[0 0 6 2 ] (9-2) ?^fi2 4 8 n mtCfcWSSTfefflSffi 
©*4>SB1 2 cmftF t 3© J FttJ®S3Sa$* i 4~2 0%© 
*»««*fB£-i"*£*K. ^jS^M©fflfi£"CBEfR. S 
*. ^3R. 3W*3RO«SUt*«**<tt*Ct-CfflWf* 

©Sp^4Jt®L.lS<ft5J;5«:l9:3£T5J:5{ci/-T:i» 

[0 06 3] (9-3) 1 9 3 n mCC*$W SS^fflS* 
©4M>9S 1 2 c mftrt©^§SSi2ia^* s 4~2 0%© 

^^HSRXJiW^dtf^'TftSW^tcif^r. BUI 
50 *j»i>a^riWESJ£^^o««w«»o»» i tt*8 L ' 



11 



n < & 5 «fc 5 fei§5£f £ J: ^ 5c u r o 
[0064] C9-4) &S3 6 5 n mCC:tett&SS3tffl31K 

©c^su i 2 c mnp}<D¥m%tB.mMmw 4-20%© 
**jg?3&. gift. »fs. x«*s*^tf^^t?*a^ 

(cte U"C . AWl >SfJfl--Cf«i ©r£&3*f& 
©Sfc}>£JtttL«< frSi^ctaS-rSJrSKbri* 

[0 065] (9-5) $S2 4 8 n m(C*J»SR3tfflSS 
<Dtp.&m 1 2 c mftrtW^SiaW 4 ~ 2 0 %© 

mm. ftfu. xi**m*"£wz-c 

[0066 ] C9-6) i&S 1 9 3 n mtCteW SSS^fflStS 
©«^[>g|51 2 cmftfloWaSM^AH-Z 0%© 

mil ml2 cob 6 

CM] 



m21 m22 
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* &ttmdktf*#< &SttJt*ttL. fi-?MfB£lS14# 
[0 06 7] 

©a®^ t t ttffl^ 0 £f# * C <L ©t? # * 

[006 8] *3M8«**JB"CfflC> «fc 5il fc*S^. ^ 

&*i(c2tl, 1 8 0" KWfipi-SCiWS-C, *»o¥S 
Wflg©aa* t *^fa©fii(C-r -S C <!: tfj&g-C&S. 
[0 06 9] *a?3^©{ifB>'7 h?Xi»-Ct^0S?ft 

[0070] je©f4ta^ e so*aa$ t £#«t>s «cb . 

SK^ft-C*S„ *aiBK©Hif^* n . YiSfGfc 

i ) ©ct ^ tca-r c i *i-ct 

[0 07 1 ] 

[SKI] 

i sin a 



iCn-ik)sin« 



n-ik 
cos 5 



C5£l) 



[0 07 2] CC-C. Sit (i£2) ©<fc 5 *>ft « [007 3] 

* [«2] 

J=2in d/a 



CSt2) 







E , 




- CM] 




Ho 




Hx 



0*3) 



[0 07 5] 4«rciiWT*4. iC5T. Sfi#S Y, <!:*J< i. «lMfeft*>6E, = E, 

Suaucititttii. Jt««*>6jfi-3»fc«WWB 40 [&4] 

±©aa&©®aia©«iS§ui£#*E, • tH, • =e, * 



H, =H 



(Eo'-B.O no 



[M] 



P" 1 



C5£4) 



[0 0 7 6 ] £f#*. CftJ^WSMWt' tt ♦ [0 0 7 7 ] 

5) £ftt±S. ♦ 

, E_a r 2 n o f-*. e \ 

1 ~ T?" no Cmll+n 2 ml2) + (m21+ n 2 m22) 



C8) 



8-137094 
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14 



M&61 



t = ct* onas) » + cf ottas) 2 



(556) 



* = t a n"' (f (D«tSH/ f 

[0 07 9] C© «fc 5 (C L,-C»fc*»S*©?ll 

?nhtizm&7m& t i&*i©ta*Hie **** c £ 

T. C©3£^M£v*£><*->«o8fl1bft:i:S©iS 

[0 080] Ctt6©5£«fc <3*SWfitB^7 hM*WJi 
**ftftJS**. El 1 K^f „ BIB. K r F x*5/-* 
OK. 5SS3Sa*6%©*SWHS©WI"C4>S„ BIKw 

[0 08 1 ] ^^K©fiSK*«a«Wtttt»Ctf totifc 

£«HI4 Ccm-T*P< ttffi. ^SJS^KHrtr-S© 

fl^&i. H4iaai*S^x*©***otu c©£ 

£SigiUT± 1 0 cm©S6H©fit ) &^L'"C('^. C© 
[0 08 2] Ufrl/, — fl$(C#S?H{4ffl->^ !••©(** 

isi^RJi(c8aja=6*>wr»«^c;»T?fi[tB^i sok, » 
£aw$ e % <t &s «fc 5 tcz*< v %wrc®M oft £ ^ © 

o. B^#tH 5 ©*MI) B.o0 6©<t9«:— 

jss$jaiiT*&*£i$^*&^ affiMisa^©stsffirt 

«ff (± 1 OcbD. fe(T#fCK6^^^»C©^ 
[0 08 3] ®7~emmtt 1 8 OK- 1 OglOM 

[0084] *»«-C«WWOfttc*fj£r 4 J: 5 
(Cffi^Bfff^ll^-r-SCi-CfitBmco^-CJJ 1 8 0 
±2. 5S. 5SSjgia^6%± 0. 2 5%<t. St53BF*J 
©tttlM=&¥^{ifBMCt*tUr± 2. 5|g(DffliH{C. * 
M^«D^il*4WM*K»l/t± 2 . 5 

[008 5 ] CC-C, jWfc»jST*J: 9 



sum-seta:. ffg©«MWK»0T. mmm& 

£9*3 < (JHSr*. iM^WOtS*. 
io *«,»ttffiK©»iWW»K:»L'C. SWU: *)■*©* 
l»^-C«^ W**»WW»K*5» <fc 0 *t < 

-r5C<t?r#^. 

[008 6] 

[0 08 7] (HSfiW) 1 ) ^EttWB. WJJJUIKg 
ft. i*. acJfKrFKl^tcafflShSS iNxjR <x 
ttffiK©*HJ*fcfc> *fflt»fcK36ffl«RKM-r*©fc© 
-C. CC"eM3R9#WK r FfflR3^«©Siii*SK^ 

20 orswiB-r*.- 

[0 08 8] 55£Sffi±tCS i 9 h £U TJU 

=f> •^©jg£:tfX%*i'y7:tf*£LTJiaS**To 
ft:. hrtt^^9**J'J>yttK^i;4«k9» 
jagW©iWtdaMRiBf*3"C«iaW-©tB« 
®*T*2. 2 5 <JH*r*> "0. 5 4 (ffiXWR) i * 

{lictAit^ ft.* j . jbw 8 (c^-ran < mmu-cn 

<&&J:9 * MtSWt. «tSffirt©tttaftt^S^ 
©#*?£ cn6 ©ttSHft * £ JBW<fc »> **>fc ± C 5 . 

W©#**£*LStR*<&"C{iffl«*i*# < 
30 *jWBl»«|fi|**»&*ifc. 

[008 9] C©J: 5 fc&tB^jtifi^©^*^ T 
ft©. ^l,fc»fctt^*ffiEE^7>:7©TW>M 

c?i,>fhfcfiT$t4Ci4a«it5i©t, fSEE7jc 
IB^>^©ift6tC»2 5 2 nmRiy 1 ! 8 7nm*» 
4-J-*t>©*fli^fc. *WWcJ:*aE{fcl*. *SBJ)S* 

•;>^'i<> Ftt*4>tt &KJ:3*>©"C*-3fc;. 
40 [0 09 0] ffiBE7klS7>7'<fcLt:tt. ia9SC7n-r<fc5 
CC. Milfl 1 ©»»©»(.»»» 1 2 K»Jt3-ttl 

2 cmeg^tc&s^i 3**oaitf»fc*©*ffli». ^® 
<Dm^&ft-cMSim&& < % 4 <t $ cc eft. 

[0 09 1 ] ^iHiffi^tfoft^iaSRBST*©®^^ 

iaioic^-r. is*nircc*j^-cffiF»3-cft— ft:-?ft:i® 

JRJBfr*«IW!Bfft-Citi.ei»± 5 c m©«WCtt©tt«J: 0 

/jN3<-r&ci*s-c#ft.. iai o&c^ias-c^uftig* 
mamzMfeistctc*,. si 1 ©«*«»&. hi i 
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18 0g±2. 5K. SSffiffii* : (6K) 

±0. 2%) zmzcttf-cztc 

[0092] u^^^mm^tmMmvr^^ 

[0 09 3] #SII6Mr«^£KJ&14*-' ,c * *J 
ffo/cJ&J. Cft{tPg£k©-CW:ft< CVD. ^Sfti'flS 

[0 0 94] ftfc. «8»«t7l*S i Nx^cD8Si*^i* 

Kistr^awwcaffl^itt^. m^(*s i o 

x, SiOxNy. CrOx, CrNx, CrOxN 
y. AiOx. AINx. AiOxNy. CaFx. M 
gFxm JUttmfrOWHt®. Oft*, 
«. *Wfc*l*£to*»!IMJM». MoSiOx. MoSi 
Nx. MoSiOxNy. WSiOx. WSiOxN 
y. NiSiOx. NiSiNx. NiSiOxNyf 

^#t?*jgBJi|iC)Ftb-Ct3iffi'5J*6rA€>. (x. ytt 

*fc. "J >^#> F«*»bS**Ofc«l,»** 

I&D-C. IP%W*jW*< ft >ISK#*t* < ft* <t 
5 3fc8S©jf5*S!5t-*"hfcf i^frft ?>&1£<Di> © 

<&ENE3-tiT:6J:l.>. ffl«ir*Ci«:J:^-r«»H«©» 

•cfc<fct>. hoc. cne^MWiJn^o^s^w^fii 
©s*B»^i>^«B>T^©& : raM £ afi^jfessfc-r «t 

5 «Ct9^T -5 C i * L- C >. 
[0 09 5] IRiWaWiiiH^t 
jgH*sBi,>»^K:-3l>-C^fc*^ JlH©)IgJStf>*JIt>*§ 

j^^iwaflwtwwwnaw.**** o-^s < ft*«fc 5 

«WW*Cc!:"CaflJ-C**. #JI*WttK r FB3tffl* 

stcmiT'5fc©"c*2>* 3 . tft«cK5fc©"c«ft< 

[ 0 0 9 6 ] *fc. a#t*fc*«-tKC r XBMo S i « 
©a*Jg#4>ft < £ fc— WcjBJ83hfc»RCC-3i»T6 
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[0097] «w«*wn?*i^tttt«iaji 
iftggaiBi©— spa^ft < ^ & jt& aaa^Kfes «fc 

•5 «c»»wk:»»**bbm' s c & «. * ->«RWrt 

■CSifeOfiRtCfflViSOi^iOT?-/^^ Fv-i». U 
[0 09 8] ftfc\ *SESfc«CB«3tfflv^ *©S«a 

20 

[009 9 ] (SUfit»J2 ) *£tfefll». *ai8«CC« 
A. iM. RO'Kr FmmcmmZtlZS i NxH (x 

[oioo] BJQHLBes i F«tu r;u 

30 M«t*2. 15 (H*r*) -0. 6 (ffiSMX) i*» 

sciw^w Bi/pwa i 2 tc^-rin < jaasrc/s 

< ft 4 J: *> ft#**i* Ufc. S^ffirt©fitB^'i:2^^ 

[oioi] c©j: ^ ftatBM^aa^©^ : ?s ; &^< -r 
mm t wmw&M* ? ti «> ©t s * 4 c i * e w t r z> 

40 fc©-C. {£E7kiR7 > '7'©i(SgOC«2 5 2 n tn.SOf 1 fi 

SC4ry>y;>f «K> F«*iJ>tt<-r*CiKJ:* 

[0102] ffiff7K8K^>^<tb"Ctt- 01 3{C7r:-rJ: 
^ic. *SES^S«2 1 ©SHt©/5L=>SB^2 2tC*tlBSli' 
-CiS1^3t©Scm , g2 3*fflC>. M^©J5U!.a5^-CflS*f 
g*^ < ft -6 «fc 5 K bfc„ ftte. H©i[a« 1 8 c m t 
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[0103] Mummitc&OlSMMIfr^*:* H 1 4 

jBUffft-Cip A± 5 c m «fc *) *HB©fiRW"Cfl!j©«* J: 0 * 
3 < t5Ci^r§?c. H 1 4(C^Ufc1S^®ST^ ; &S l J 

ic5, El i 5 0 1 5 ~C7jkz na <fc *> 

2g. tWi* (5%) +0. 2%) £f#* 

[0104] ffcfe©^rttlWW^i1**«*r*fl* 

B#r^©#*p*£o;*-i* -en«c«t«3»^<i:ficta^© 

[0105] s^wrBRHHfcKifci**'* f o 
tt->tctfi. cn«cRgs*>©r«^c< cvd. j&£fc£*flS 

©BXJBWSrCif t Bltt-C* 4. 
[0106] Scfc. *JtMffl-C«S i Nx 

x, SiOxNy. CrOx. CrNx, CrOxN 
y. AiOx, AINx, AiOxNy, C a F x, M 

m. mti**ist&amm*>. mosiox. mosi 

Nx. MoSiOxNy, WS i Ox. WSiOxN 
y, NiSiOx, NiSiNx, NiSiOxNy? 
<D&Mi'W<{ FOBWfclS. »fc*. &MitV». M\M 

ffiS©m^i:b> 

£fc. y > FttfcSMtS ttSOKJBl*** 
385*. ¥3S930©(ftiK?S©4>& < aHcJSTSifcB 
^^^©-rfcnttiaN^s^p-cfcJ;^. *M©^ 

iter. aii^)a/?jW?<fc£&t&t>MK#*£< &SJ: 
^ ?tiB©^ ^iftS-r > a> & s j£t*© © t 

-&ElS3i*r<i>J:i,». *&-r-5>c«fc{cJ:->TfcPl*i©#l 

5 &c s§^ -r 5 c <t se b <- ». 

[0107] ^:^6fi«?(rW^©ia^CC^=&]$/c#/c 
*s, £*UCRR<5 «>©-£«& <SsR. 7jc«^ ! Srffl 

[0108] ^fsss^mi. ss^'^an^^Hitt^-c 
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[0109] 3 S5R. BX. #JR. XliTKSI© 

»aftl««>4CiraJBIB«f*OSWlJi«t». EP^Sfr 
$ £ mn&nwb 3 < tc £ £ * . I, >SB#t?^ 

5R, BSR, X»**©ffl«tt*BWO»i»afi»J: 

•5. 

10 [0110]$ 6«ct*. SR. ®3R. ft*. X«7jcfR© 

m t m&%®&±% < a s £ * . iw©fft»as»"cfii 

[0111] **aWflttK r F«*ffl»RKBB"J-*fcO 

So 

[0112] *fc. jg#14S«LBcC rXBMo S i 9 

m^m%^'\i^. ^SR©jS^M4^*L/fcis^ffla« 

30 [ o l l 3 ] *fc. *^J6W«Mrt-c^-fetitl£^M 

c©«sa«**ffl««f¥)«««:fTorfcJ:i»**. *a?« 
* - >JBsSaKff o -c «t t > . C©«fc5 {CgP^WfCjg 

<t©T^-<^> U3 L :?;l'£©T^ F v 

40 ffltsciiwau*. 

[0114] A«£fo- t *9mm-cimycm-?xi?<DmmM 

a$45%il/* C*lCC|S4t>©t?«&<. 4-2 

o *6©*BBT?**itf *nH& •saia^tc*] it 4>Sffl"5ifie 

•CAS. 

[0115] (9mM3) *n«apii«> *agB«iKB 

«. i^. acXKrF^KSfflSnSS i Nxl (x 
ttffig©ffij£i£) 4ffll,>fcR56fflS«fCia-r*©*>© 
r. CC-C(JIR9»» i «fflS*S«©«a*ffiKOI,» 

-c^-rs. 

so [0 1 1 6] E35S«Ji«cS i4*-y-» F£L, T)\> 
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Sfc. <g^#*©>SA£# — y» H©* 

[0117] teas, jrjvkb i 6 K^-rip < JH2L8i5-cif 
< <fc ^ &^wofc. **ra*r*ttia 1 7 k^t 

/c. SI 7tCmbfc*^*r**M£l>fcra&»WT* 
j8l!aM©jaa*ifflffia*«DeU«:iC5. 018©*£ 

lai sr^snsj^Ka****™^* 
— (iita^ ; i8oe±ig, &]g.&i&m • 

{1(8%)±0. 1%) «rS5Ci*ir^/c 
[0118] ^^©^ffi-ctilS^^ilS^/SJf^^ 

[0119] *^SWfttBS^«:S]£;ti^-'-t »^«CJ:D 
?fofc*s. cnfC|ig5fc©t?«Aj:< CVD. MMKZib 

[0120] ##Ufr&Wt?W:S i Nx^©Sfjt^i* 

F^tt^awKteaifliWc. «*t*s i o 

x, SiOxNy. CrOx, CrNx. CrOxN 
y, AiOx. AINx. AiOxNy, CaFx, M 

jFxfii, x&vmtnmt®. mm. nmt 
w. mtm^ts^mm^. mosiox, mosi 

Nx. MoSiOxNy. WSiOx. WSiOxN 
y, NiSiOx, NiSiNx. NiSiOxNy? 

*dtr*a9!M«:»L"Ct>aWi?I8B-C*S. (x. y« 
ffig©*U£it> 

[0121] ^^B&WrB^roif&Sfc^*^ 

fciitcifi. cftKiE£k©rM:tc<is©#&ccic;D> * 
fc«**ifltcfl|J: 5 iT-5*2WJS©«fiR«:tS 0 . *©» 

[0122] ^^SSWctJS^^'^se^Hilk^-crM 
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ffi^&tN£ffi»* s JH#©?l<r 1 8B«'J: "3^3 < ft*,* 
[0 12 3] S6«c«. SJg. SBR. X»*S8© 

[0 12 4] 3 fbicit. 8S3R. Xtt*^© 

sg. ®5K. Xtt7kSR©«JSW:b*aW©Wl.>»»J: 

[0125] *HSSW«K r F«*fflJSttt«CBr* *>© 
-c&£#> c*itci&-&&©"Ctt!&:< x^*$»*nM& 

[0126] a3fctt*RJb«CC rXBMo S i 9 
[0127] $/t> *Slli«?iJ(iKrt-Cttj-^{4*lia® 

30 ©-sp#ii>fc< ifcM^sjgja^tc^^i^jciasibr 

b v - ^R^^- f - >JKfiS;«Ulx i ^^fi£«Mta©^^a5^ 

[0128] ttfc, *!5]SteW-C«^ffl^^i'©§^a 
40 ia^%8%ibfc^. CfttClKSfc©tWj:<. 4~2 

o %©SBffi-c*n«iP<5i^-s>aia^K:wuT fciaffloreg 

[0 12 9] (SOt«4) *»«l~3t? 

•rs. 

[0130] Js-T. S19 (a) cc^f<t ^ (c, 
14 2 n/c jg3E1£S1& 4 1 ±tciS^tt1SfliW-»4 

M^tfo/c. ^X0>-C. 019 (b) CC^TJ^K:. ^t* 1 ' 
50 MWS*ifcg|5^XBRS3t3n%^3|5^©-^*^tCj: 
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i)<m : £Ltc&> mi 9 (c) KTjVf J;5CC. niiiLtc* 
^>^-C|^*Ufc„ il 9 (d) K^TJ:5 

<on-yxi>^K corns, uyxbicfem^mu^ 
SnO. I To^oD^s^tt^e^ssi^iawcfeJ: 
[0 1 3 2 3 x^^^y^swtciBDT^wcc^-r 

[0 1 3 3 ] i^>y©^^fli«lO 
jSBJKtc: S i £#t?«^(t«#fR7BSI*^if ! &K*4>& 

[0134] <*fS0H5 ) *mmM&. mmM2x-^m 

Jt£T-5/ctf>©-¥<are&£. 

[0135] 020 (a) (Ct^-T.}: 5 tC. iSflni 

Stg5 1±{CK rFx+*^-vU--!f«C!S*tt«:Wr4JS5 

Ct*tL,T» 02 0 (b) K^t-<fc^(C. l/>X5 3*ffl 
Ut^Xi-A* ~>£tS3fet£WBI#*+5 2 (Cfg^l/fc. 
Sflwffjlctt. 2 yofci&Mr. %Mlcttl>~C 4Mm*<D<¥f 

n.<D{m.frh<Di&Dfr zmitT Kmmm 4 tats© 

«tS5 l±{c^3-Sfc. 2&*iK®<WfrttK:*f 

u-c4ieis : t^gi5(cg;^3nfceaaasi3:. fi/hf??©^ 
r-erosa^rsiifflx-rs.k^tc, 4 m^tf^gutc *> ^ 

[0136] S:>£©&. 9x? KC«fc5^«*m>, 0 
20 (c) iCmt^^iC. \s%sXYrt*-~Zs&fci&l> 
ft. #^8«C«fc»). 0. 2 5 wm-'<3f->*^[4g± 
1 . 5 <z m<DffiBt^J1£^S&± 0 . 0 25(i m^ftCC. 

i> fcatiMi aawoia wnusswBi >7x?w>fc 

Jt^Sttt* 0. 2 5/im^f->*l*fta±0. 7u 
m©i6ETO*^ ^7*M[*)-r^-St^ltl±0. 0 2 5 nm 

l 8 os-c^t,^cat>M*aiffi^3 < fc-^tefcatrc* 
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[0 13 7] ^HSfi^-CTSO/ct^K. 2|s:%BJ(Cj;0^ 

m^fcM^T. t>*m^ set ■cffiyjnxs«±-c*iJEt> 

[0138] ^eSSWCW2^jSl©tt!S{C4@f4*f«; 
10 ©-Ctt&< n®W*H*8B (nCiS^t) KP&PgB£}#-3i& 

[0 13 9] (StB»«6> «S»W*. »t6«3(Cj:») 
©^?£t?$>£. 

[0 140 1 teJJDlSffiiKK r FX^U- IfKfiS 

[0141] vx-v hic^^m^n^i'^ 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The substrate for exposure with which the complex index of refraction or the elementary 
composition ratio of said semi-transparent membrane is characterized by coming to be adjusted 
according to the thickness of this semi-transparent membrane in the substrate for exposure equipped 
with the semi-transparent membrane which has desired phase contrast and desired permeability to this 
substrate on a translucency substrate. 

[Claim 2] The substrate for exposure according to claim 1 characterized by adjusting the complex index 
of refraction or the elementary composition ratio of said semi-transparent membrane so that a refractive 
index and an extinction coefficient may become small in the thick part of the thickness of said semi- 
transparent membrane, or so that a refractive index and an extinction coefficient may become large in 
the thin part of the thickness of said semi-transparent membrane. 

[Claim 3] The mask for exposure with which the complex index of refraction or the elementary 
composition ratio of said semi-transparent membrane pattern is characterized by coming to be adjusted 
according to the thickness of this semi-transparent membrane pattern in the mask for exposure equipped 
with the semi-transparent membrane pattern which has desired phase contrast and desired permeability 
to this substrate on a translucency substrate. 

[Claim 4] The mask for exposure according to claim 3 characterized by adjusting the complex index of 
refraction or the elementary composition ratio of said semi-transparent membrane so that a refractive 
index and an extinction coefficient may become small in the thick part of the thickness of said semi- 
transparent membrane, or so that a refractive index and an extinction coefficient may become large in 
the thin part of the thickness of said semi-transparent membrane. 

[Claim 5] The manufacture approach of the substrate for exposure which carries out adjustable [ of the 
concentration of gas ] by field inboard according to the rate of sedimentation of the semi-transparent 
membrane to deposit, and is characterized by to adjust the complex index of refraction or the 
elementary-composition ratio of said semi-transparent membrane in the manufacture approach of the 
substrate for exposure equipped with the semi-transparent membrane which has desired phase contrast 
and desired permeability to this substrate on a translucency substrate in case said semi-transparent 
membrane is deposited on said translucency substrate by the depositing method using reactant gas. 
[Claim 6] The manufacture approach of the substrate for exposure according to claim 5 characterized by 
adjusting the concentration of said reactant gas so that a refractive index and an extinction coefficient 
may become small in the quick part of the rate of sedimentation of said semi-transparent membrane, or 
so that a refractive index and an extinction coefficient may become large in the late part of the rate of 
sedimentation of said semi-transparent membrane. 

[Claim 7] The manufacture approach of the substrate for exposure characterized by to include the 
process which forms said semi-transparent membrane on said translucency substrate, and the process 
which subsequently irradiates light or reactant gas alternatively at this semi-transparent membrane 
according to the thickness of said semi-transparent membrane, and adjusts the complex index of 
refraction or the elementary-composition ratio of said semi-transparent membrane in the manufacture 
approach of the substrate for exposure equipped with the semi-transparent membrane which has desired 
phase contrast and desired permeability to this substrate on a translucency substrate. 
[Claim 8] The manufacture approach of the substrate for exposure according to claim 7 characterized by 
adjusting the exposure of said light or gas so that a refractive index and an extinction coefficient may 
become small in the thick part of the thickness of said semi-transparent membrane, or so that a refractive 
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index and an extinction coefficient may become large in the thin part of the thickness of said semi- 
transparent membrane. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is [0002] about the manufacture approach of the substrate for 
exposure which has the phase shifter which especially consists of a semi-transparent membrane, the 
mask for exposure, and the substrate for exposure with respect to the exposure technique used for the 
lithography process of the production process of semiconductor fabrication machines and equipment. 
[Description of the Prior Art] With the advance of semiconductor technology, high integration and 
detailed-izing of a semiconductor device are being enhanced by semiconductor device ******. On the 
occasion of manufacture of this semiconductor device, especially the lithography technique is important 
as an important point of processing. With the current lithography technique, the approach of carrying out 
projection exposure of the mask pattern on an LSI substrate through contraction optical system is mainly 
used. It was very difficult for detailed-ization to receive constraint of the exposure wavelength lambda 
greatly with this lithography technique, and to form the pattern below wavelength. This has optical 
reinforcement in a field for cross protection to be large and form in as an umbra originally by the pattern 
which adjoins wavelength by the pattern of this dimension mostly, and it has become a cause that the 
quantity of light difference of an umbra and a bright section hardly arises. For this reason, when pattern 
formation was performed on an LSI substrate using the wavelength of arbitration, a stop colander was 
not obtained for minimum line width in an about 1 .4-time dimension to wavelength. 
[0003] The minimum line width required of LSI in recent years needs 0.25 micrometers by 64mDRAM 
in 0.35 micrometers and also 256MdRAM(s), and in order for the conventional lithography technique to 
realize these dimensions, it will need to cope with [ minimum line width / of 0.35 micrometers ] the 
exposure light source by ArF laser about KrF laser and the minimum line width of 0.25 micrometers. 
Moreover, although development of a corresponding resist is needed when these light sources are used, 
these resists are still in a research process, and need a remarkable stage for utilization. Although it is not 
impossible to transpose the exposure light source to EB, either, as compared with the exposure using 
light, a throughput falls sharply and is not suitable to practicality. 

[0004] The technique of promoting detailed-ization came to be considered from these reasons, without 
changing the exposure wavelength lambda instead of short-wavelength-izing of the conventional 
exposure light source. 

[0005] There is the halftone mold phase shift method for attaining this purpose which does not need a 
device design change as indicated by the JP,4-136854,A official report as technique. In order to employ 
the effectiveness of this phase shift method in the maximum efficiently, it is important to optimize the 
phase contrast theta and the permeability t of the light which penetrated a transparence part and the 
diffusion shell. Conventionally, the translucent phase shift mask was created by two-layer membrane 
structure. Phase contrast theta and permeability t were independently controlled by this technique, and 
creation was easy, however, membrane formation and an etching process are twice required of two-layer 
structure respectively — etc. — that a routing counter increases and when a defect arose on the lower 
layer film, problems, like correction is difficult had arisen. 

[0006] Moreover, by JP,6-75361,A, in order to conquer these faults, the technique of adjusting phase 
contrast and permeability to coincidence by monolayer is describing. Moreover, in order to satisfy 
desired phase contrast and desired permeability on die strength to this technique, the translucent phase 
shift film is formed so that the presentation ratio of a compound may be kept constant, however, since 
complex index of refraction became the value of about 1 law when it is fixed and a presentation ratio is 
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created in the substrate side for exposure, when thickness differed, the difference induced the error to 
direct phase contrast and permeability on the strength, and the problem that the phase contrast precision 
- and on-the-strength permeability precision of a semi-transparent membrane fell had arisen. 
[0007] 

[Problem(s) to be Solved by the Invention] It is necessary to adjust phase contrast and permeability to a 
desired value in the translucent phase shift film. In especially forming the translucent phase shift film by 
the monolayer, as for the combination of the complex index of refraction which satisfies desired phase 
contrast and desired permeability, only one exists to one thickness, since complex index of refraction 
became the value of about 1 law when it is fixed and a presentation ratio is created in the substrate side 
for exposure like a conventional method, when thickness differed, the difference induced the error to 
direct phase contrast and permeability on the strength, and the problem that the phase contrast precision 
and on-the-strength permeability precision of a semi-transparent membrane fell had arisen. 
[0008] This invention was made in consideration of the above-mentioned situation, and does not depend 
the place made into the purpose on distribution of thickness, but is to offer in a field the manufacture 
approach of uniform phase contrast, the substrate for exposure which can obtain permeability, the mask 
for exposure, and the substrate for exposure. 
[0009] 

[Means for Solving the Problem] The following configurations are used for this invention in order to 
solve the above-mentioned technical problem. 

[0010] That is, this invention (claim 1) is characterized by adjusting the complex index of refraction or 
the elementary composition ratio of said semi-transparent membrane according to the thickness of this 
semi-transparent membrane in the substrate for exposure equipped with the semi-transparent membrane 
which has desired phase contrast and desired permeability to this substrate on a translucency substrate. 
[001 1] Moreover, this invention (claim 3) is characterized by coming to adjust the complex index of 
refraction or the elementary composition ratio of said semi-transparent membrane pattern according to 
the thickness of this semi-transparent membrane pattern in the mask for exposure equipped with the 
semi-transparent membrane pattern which has desired phase contrast and desired permeability to this 
substrate on a translucency substrate. 

[0012] In these invention, it is desirable to include the following gestalt. 

[0013] (1) He is trying for adjustment of said complex index of refraction to attain by giving the reactant 
gas distribution in membrane formation equipment so that it may correspond to a membrane formation 
rate at the time of membrane formation. About the distribution approach of reactant gas, it is desirable to 
take one of technique in next. 

[0014] (1-1) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
high in a part with a quick membrane formation rate as compared with other parts. 
[0015] (1-2) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
high in a part with a quick membrane formation rate as compared with other parts. 
[0016] (1-3) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen or fluorine ] He 
is trying to set up so that the concentration of said reactant gas may become high in a part with a quick 
membrane formation rate as compared with other parts. 

[0017] (1-4) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% 
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[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
low in a part with a quick membrane formation rate as compared with other parts. 
[0018] (1-5) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
low in a part with a quick membrane formation rate as compared with other parts. 
[0019] (1-6) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen or fluorine ] He 
is trying to set up so that the concentration of said reactant gas may become low in a part with a quick 
membrane formation rate as compared with other parts. 

[0020] (2) He is trying to attain by giving the temperature distribution in the substrate for exposure so 
that adjustment of said complex index of refraction may heat-treat at least at the time of membrane 
formation and may correspond to thickness. About temperature distribution, it is desirable to take one of 
technique in next. 

[0021] (2-1) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20%, he is 
trying to give an elevated-temperature part in the thick part of thickness as compared with other parts. 
[0022] (2-2) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20%, he is 
trying to give an elevated-temperature part in the thick part of thickness as compared with other parts. 
[0023] (2-3) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20%, he is 
trying to give an elevated-temperature part in the thick part of thickness as compared with other parts. 
[0024] (3) He is trying for adjustment of said complex index of refraction to attain by giving reactant gas 
distribution within a processor in the processing after forming membranes at least, so that it may 
correspond to the thickness at the time of membrane formation. About the distribution approach of 
reactant gas, it is desirable to take one of technique in next. 

[0025] (3-1) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
high in a part with thick thickness as compared with other parts. 

[0026] (3-2) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
high in a part with thick thickness as compared with other parts. 

[0027] (3-3) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen or fluorine ] He 
is trying to set up so that the concentration of said reactant gas may become high in a part with thick 
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thickness as compared with other parts. 

[0028] (3-4) When the average permeability on the strength within 12cm angle of cores of the substrate 
. for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% 

[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 

become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
• the presentation of a semi-transparent membrane and said reactant gas contains oxygen, nitrogen, 

fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 

low in a part with thick thickness as compared with other parts. 

[0029] (3-5) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
low in a part with thick thickness as compared with other parts. 

[0030] (3-6) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 1 93nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen or fluorine ] He 
is trying to set up so that the concentration of said reactant gas may become low in a part with thick 
thickness as compared with other parts. 

[003 1] (4) He is trying to attain by giving the temperature distribution in the substrate for exposure so 
that adjustment of said complex index of refraction may heat-treat after membrane formation at least and 
may correspond to thickness. About temperature distribution, it is desirable to take one of technique in 
next. 

[0032] (4-1) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20%, he is 
trying to give an elevated-temperature part in the thick part of thickness as compared with other parts. 
[0033] (4-2) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20%, he is 
trying to give an elevated-temperature part in the thick part of thickness as compared with other parts. 
[0034] (4-3) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20%, he is 
trying to give an elevated-temperature part in the thick part of thickness as compared with other parts. 
[0035] (5) He is trying to attain by giving the exposure distribution in the substrate for exposure so that 
adjustment of said complex index of refraction may perform optical exposure processing after 
membrane formation at least and may correspond to thickness. About exposure wavelength and 
exposure distribution, it is desirable to take one of technique in next. 

[0036] (5-1) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20%, he 
irradiates light 365nm or less, and is trying for an exposure to increase in the thick part of thickness as 
compared with other parts. 

[0037] (5-2) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20%, he 
irradiates light 248nm or less, and is trying for an exposure to increase in the thick part of thickness as 
compared with other parts. 

[0038] (5-3) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20%, he 
irradiates light 248nm or less, and is trying for an exposure to increase in the thick part of thickness as 
compared with other parts. 

[0039] (6) He is trying for adjustment of said elementary composition ratio to attain by adjusting so that 
it may correspond to the thickness at the time of membrane formation at the time of membrane 
formation. About the distribution approach of an elementary composition ratio, it is desirable to take one 
of technique in next. 

[0040] (6-1) When the average permeability on the strength within 12cm angle of cores of the substrate 
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for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% It has 
the property in which a refractive index and an extinction coefficient become small because the 

- presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by the presentation of a 
semi-transparent membrane. And he is trying to set up so that the presentation ratio to the metal or IV 
group element of oxygen, nitrogen, fluorine, or hydrogen may become high in a part with a quick 

- membrane formation rate as compared with other parts. 

[0041] (6-2) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% It has 
the property in which a refractive index and an extinction coefficient become small because the 
presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by the presentation of a 
semi-transparent membrane. And he is trying to set up so that the presentation ratio to the metal or IV 
group element of oxygen, nitrogen, fluorine, or hydrogen may become high in a part with a quick 
membrane formation rate as compared with other parts. 

[0042] (6-3) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% He is 
trying to set up so that it may have the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane and the presentation ratio to the metal or IV group 
element of oxygen or fluorine may become high in a part with a quick membrane formation rate as 
compared with other parts. 

[0043] (6-4) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% It has 
the property in which a refractive index and an extinction coefficient become large because the 
presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by the presentation of a 
semi-transparent membrane. And he is trying to set up so that the presentation ratio to the metal or IV 
group element of oxygen, nitrogen, fluorine, or hydrogen may become low in a part with a quick 
membrane formation rate as compared with other parts. 

[0044] (6-5) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% It has 
the property in which a refractive index and an extinction coefficient become large because the 
presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by the presentation of a 
semi-transparent membrane. And he is trying to set up so that the presentation ratio to the metal or IV 
group element of oxygen, nitrogen, fluorine, or hydrogen may become low in a part with a quick 
membrane formation rate as compared with other parts. 

[0045] (6-6) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% He is 
trying to set up so that it may have the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane and the presentation ratio to the metal or IV group 
element of oxygen or fluorine may become low in a part with a quick membrane formation rate as 
compared with other parts. 

[0046] (7) He is trying for adjustment of said elementary composition ratio to attain by giving the 
reactant gas distribution in membrane formation equipment so that it may correspond to the thickness at 
the time of membrane formation at the time of membrane formation. About the distribution approach of 
reactant gas, it is desirable to take one of technique in next. 

[0047] (7-1) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
high in a part with a quick membrane formation rate as compared with other parts. 
[0048] (7-2) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
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the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 

. high in a part with a quick membrane formation rate as compared with other parts. 

[0049] (7-3) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% 

* [ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen or fluorine ] He 
is trying to set up so that the concentration of said reactant gas may become high in a part with a quick 
membrane formation rate as compared with other parts. 

[0050] (7-4) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
low in a part with a quick membrane formation rate as compared with other parts. 
[0051] (7-5) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
low in a part with a quick membrane formation rate as compared with other parts. 
[0052] (7-6) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen or fluorine ] He 
is trying to set up so that the concentration of said reactant gas may become low in a part with a quick 
membrane formation rate as compared with other parts. 

[0053] (8) He is trying for adjustment of said elementary composition ratio to attain by adjusting so that 
it may correspond to the thickness at the time of membrane formation after membrane formation. About 
the distribution approach of an elementary composition ratio, it is desirable to take one of technique in 
next. 

[0054] (8-1) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% It has 
the property in which a refractive index and an extinction coefficient become small because the 
presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by the presentation of a 
semi-transparent membrane. And he is trying to set up so that the presentation ratio to the metal thru/or 
IV group element of oxygen, nitrogen, fluorine, or hydrogen may become high in a part with thick 
thickness as compared with other parts. 

[0055] (8-2) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% It has 
the property in which a refractive index and an extinction coefficient become small because the 
presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by the presentation of a 
semi-transparent membrane. And he is trying to set up so that the presentation ratio to the metal thru/or 
IV group element of oxygen, nitrogen, fluorine, or hydrogen may become high in a part with thick 
thickness as compared with other parts. 

[0056] (8-3) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% He is 
trying to set up so that it may have the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane and the presentation ratio to the metal or IV group 
element of oxygen or fluorine may become high to a part with thick thickness as compared with other 
parts. 
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[0057] (8-4) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% It has 

. the property in which a refractive index and an extinction coefficient become large because the 
presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by the presentation of a 
semi-transparent membrane. And he is trying to set up so that the presentation ratio to the metal thru/or 

• IV group element of oxygen, nitrogen, fluorine, or hydrogen may become low in a part with thick 
thickness as compared with other parts. 

[0058] (8-5) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% It has 
the property in which a refractive index and an extinction coefficient become large because the 
presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by the presentation of a 
semi-transparent membrane. And he is trying to set up so that the presentation ratio to the metal thru/or 
IV group element of oxygen, nitrogen, fluorine, or hydrogen may become low in a part with thick 
thickness as compared with other parts. 

[0059] (8-6) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% He is 
trying to set up so that it may have the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane and the presentation ratio to the metal or IV group 
element of oxygen or fluorine may become low to a part with thick thickness as compared with other 
parts. 

[0060] (9) He is trying to attain because adjustment of said elementary composition ratio exposes into a 
reactant gas ambient atmosphere at least and gives distribution to said reactant gas so that it may 
correspond to the thickness at the time of membrane formation after membrane formation. About the 
distribution approach of reactant gas, it is desirable to take one of technique in next. 
[0061] (9-1) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
high in a part with thick thickness as compared with other parts. 

[0062] (9-2) When the average permeability on the strength within 1 2cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
high in a part with thick thickness as compared with other parts. 

[0063] (9-3) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become small because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen or fluorine ] He 
is trying to set up so that the concentration of said reactant gas may become high in a part with thick 
thickness as compared with other parts. 

[0064] (9-4) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 365nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
low in a part with thick thickness as compared with other parts. 

[0065] (9-5) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 248nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
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become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen, nitrogen, 
fluorine, or hydrogen ] He is trying to set up so that the concentration of said reactant gas may become 
low in a part with thick thickness as compared with other parts. 

[0066] (9-6) When the average permeability on the strength within 12cm angle of cores of the substrate 
for exposure in the wavelength of 193nm creates the semi-transparent membrane which is 4 - 20% 
[ when it is gas by which it has the property in which a refractive index and an extinction coefficient 
become large because the presentation ratio of oxygen, nitrogen, fluorine, or hydrogen becomes large by 
the presentation of a semi-transparent membrane, and said reactant gas contains oxygen or fluorine ] He 
is trying to set up so that the concentration of said reactant gas may become low in a part with thick 
thickness as compared with other parts. 
[0067] 

[Function] The conditions and the concrete technique of obtaining the monolayer semi-transparent 
membrane which can acquire desired permeability t and phase contrast theta to opening of a 
translucency substrate are described about this invention. 

[0068] When it is going to use a semi-transparent membrane by the monolayer, it is required to control 
the phase of the light which penetrates a semi-transparent membrane at 1 80 degrees to the phase of the 
light which penetrates a transparent part, and it is required to make the permeability t of a semi- 
transparent membrane into a desired value. 

[0069] In order to obtain the resolution maximum with the phase shift mask of a semi-transparent 
membrane, the optical constant of a semi-transparent membrane needs to fulfill the following conditions. 

[0070] In order to ask for membranous phase contrast theta and membranous permeability t, it is very 
effective to perform multiplex interference count using a membranous property matrix. Considering the 
case where set n and an extinction coefficient to k, set thickness to d, and exposure light carries out 
incidence of the refractive index of a semi-transparent membrane at right angles to a semi-transparent 
membrane now, the property matrix of a semi-transparent membrane can be expressed like (a formula 
1). 

[0071] 
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[0072] Here, delta is given like (a formula 2). 
[0073] 
[Equation 2] 
S = 2 jt n d/A 



ca;2) 



[0074] This property matrix is used and they are the electric field E0 on the interface of a semi- 
transparent membrane and a quartz substrate, and a magnetic field HO further. The electric field El on a 
semi-transparent membrane and an air interface, and magnetic field HI It uses and is [Equation 3]. 
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[0075] It can express. By the way, when it takes into consideration that a substrate considers that it is 
thick enough to the exposure wavelength lambda, and multiplex interference does not arise with a 
substrate, it is the tangential component of the electromagnetic field of the transmitted wave on the 
interface close brought from the substrate side E2+ H2+=E2+Y2 When it sets, they are El =E2+ and HI 
=H2+ from boundary condition. Since it becomes, it is [Equation 4]. 
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[0076] ******. Complex permeability V can be expressed as (a formula 5) from this. 
. [0077] 
[Equation 5] 

1 E 0 + n 0 (mll+n* ml2) + (m21+n 2 m22) 

[0078] It is [Equation 6] when it furthermore asks for the permeability t on the strength and a phase phi 
from t. 

t= (f ©USB) 2 + (t* ©ttSB) 2 (S6) 



t a n-i (f f (357) 

[0079] ******. Thus, the permeability t and phase contrast theta when applying this semi-transparent 
membrane to a mask pattern can be searched for by calculating the relative value theta of the 
permeability t on the strength obtained with the air of the same thickness as the permeability t of a semi- 
transparent membrane on the strength and the phase phi, and semi-transparent membrane which were 
obtained, and a phase. In addition, this formula is applicable only to the monolayer translucent phase 
shift film also about the multilayer translucent (transparent membrane is included in part) phase shift 
film. 

[0080] The result of having asked for the relation of the refractive index and extinction coefficient to the 
thickness in the case of forming the translucent phase shift film by the monolayer from these formulas is 
■ shown in drawing 1 . Drawing 1 is the example of the semi-transparent membrane of 180 phase contrast 
on condition of using KrF excimer laser for the exposure light source, and 6% of permeability on the 
strength. If thickness becomes settled as shown in drawing 1 , the refractive index and extinction 
coefficient for obtaining desired phase contrast and desired permeability on the strength will become 
settled uniformly. 

[0081] When membrane formation of a semi-transparent membrane is performed in the ideal condition, 
as shown in drawing 2 , thickness becomes fixed [ complex index of refraction ] in [ both ] the mask side 
for exposure, as shown in drawing 3 , but as shown in drawing 4 in this case, it becomes a value with a 
phase and permeability on the strength fixed in a field. Drawing 4 sets the core of the mask for exposure 
to 0, and shows the value of the range of **10cm on the basis of this point. As shown in this drawing, 
when ideal, it is possible to obtain uniform phase contrast and permeability on the strength with the 
whole mask for exposure. 

[0082] However, generally in membrane formation of the translucent phase shift film, the heterogeneity 
of thickness arises in a substrate side. For example, although the thickness distribution when forming 
membranes by the spatter was shown so that drawing 5 might apply a magnetic field on a concentric 
circle and it might become 180 phase contrast and 6% of permeability on the strength centering on a 
substrate, thickness is thicker than a substrate core in an outside part a little, and it has the inclination for 
thickness to become thin outside further. When thickness has distribution of drawing 5 and it has 
uniform complex-index-of-refraction distribution like drawing 6 , the substrate side internal division 
cloth (when not refusing **10cm** and especially the following, it considers as the field internal 
division cloth of this field) of phase contrast and permeability turns into distribution like drawing 7 . 
[0083] By drawing 7 , phase contrast has -ten distribution 180 degrees, and permeability on the strength 
has 6+1% of distribution. By the conventional technique, the substrate side internal division cloth for 
exposure of phase contrast and permeability on the strength suited the inclination for which it depends 
on thickness fluctuation greatly. 

[0084] adjusting complex index of refraction on the other hand, so that it may correspond to thickness 
fluctuation in this invention — phase contrast ~ the phase contrast within 180**2.5 degrees, and 6% 
**0.25% and the substrate side of permeability on the strength — average phase contrast — receiving — 
the range of **2.5 degrees — moreover, it made it possible to store the permeability on the strength 
within a substrate side in the range of **2.5 degrees to an average transmission coefficient. 
[0085] Adjusting complex index of refraction here so that it may correspond to thickness says making 
complex index of refraction smaller [ than criteria thickness ] (both a refractive index and an extinction 
coefficient small) than the value in criteria thickness in the thick part of thickness, or making complex 
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index of refraction larger [ than criteria thickness ] (both a refractive index and an extinction coefficient 
greatly) than the value in criteria thickness in the thin part of thickness to the criteria thickness of 
, arbitration to the criteria thickness of arbitration. 
[0086] 

[Example] Hereafter, this invention is explained to a detail using an example. 
- [0087] (Example 1) This example is a relating- with substrate for exposure using SiNx film (x is 
presentation ratio of arbitration) applied to semi-transparent membrane at g line, i line, KrF line, etc. 
thing, is divided here and explains the manufacture approach of the exposure substrate for KrF. 
[0088] Si was used as the target on the quartz substrate, and membranes were formed by making the 
mixed gas of an argon and nitrogen into carrier gas. In the target, the magnetic field was applied so that a 
spatter might arise in the shape of a ring. Although the membraneous quality at the time of membrane 
formation was able to obtain complex-index-of-refraction 2.25(refractive index)-0.54(extinction 
coefficient) i of homogeneity mostly in the substrate side, thickness showed distribution which becomes 
thin by the periphery as shown in drawing 8 . When the phase contrast within a substrate side and 
distribution of permeability were searched for from such complex index of refraction and thickness, 
centering on the substrate, the inclination for permeability to be low large again was acquired for phase 
contrast reflecting distribution of thickness. 

[0089] In order to abolish such phase contrast and distribution of permeability, the translucency 
substrate which formed membranes was exposed to the bottom of a low-pressure mercury lamp. This 
processing used for the wavelength of a low-pressure mercury lamp what uses 252nm and 1 87nm as a 
principal component for the purpose of reducing the refractive index of a part and all of an extinction 
coefficient by which light was irradiated. The change by optical exposure was what the uncombined 
kind (dangling bond) which exists in a semi-transparent membrane absorbs the light of the wavelength 
contained in the absorption band, and depends the number of dangling bonds on lessening by joining 
together. 

[0090] It was made for an exposure to increase in the thick part of thickness as a low-pressure mercury 
lamp, using what the thick part 1 2 of the thickness of the substrate 1 1 formed membranes was made to 
correspond, and bent the discharge tube 13 for 12cm around, as shown in drawing 9 . 
[0091] The field internal division cloth of the complex index of refraction after performing this 
processing is shown in drawing 10 . Before the exposure, the complex index of refraction which was 
uniform in the field is after an exposure, and was able to be made smaller than other fields in the field of 
**5cm of cores. When the permeability and phase contrast of a semi-transparent membrane were 
measured in the complex index of refraction shown by drawing 10 and drawing 8 , and the same location 
which measured thickness, the result of drawing 1 1 was obtained. As shown by drawing 1 1 , the uniform 
property (phase contrast: 180-degree **2.5 degrees, **0.2% (6%) of on-the-strength 
permeability: central value) was able to be acquired in the translucency substrate side. 
[0092] By the conventional technique, although control of permeability and phase contrast was difficult 
between thickness distribution and complex-index-of-refraction distribution in order not to process so 
that correlation as shown in drawing 1 may be given, processing which produces joint change after 
membrane formation like this example was able to be performed, and permeability and the precision 
within a field of phase contrast were able to be raised by giving distribution of the complex index of 
refraction according to thickness. 

[0093] Although membranes were formed by the reactant spatter in this example, it is also possible not 
to restrict to this and to carry out by other membrane formation approaches, such as CVD and vacuum 
evaporationo. 

[0094] In addition, although this example showed the manufacture approach of the SiNx film Are 
applicable to the semi-transparent membrane containing a dangling bond instead of what is restricted to 
this. For example, metals, such as SiOx, SiOxNy, CrOx, CrNx, CrOxNy, AiOx, AINx, AiOxNy, CaFx, 
and MgFx, Or the semi-transparent membrane containing the oxide of a semi-conductor, a nitride, an 
acid nitride, and fluoride, It is applicable also to the semi-transparent membrane containing the oxide of 
metal silicide, such as MoSiOx, MoSiNx, MoSiOxNy, WSiOx, WSiOxNy, NiSiOx, NiSiNx, and 
NiSiOxNy, a nitride, an acid nitride, and fluoride, (x and y are the presentation ratio of arbitration) 
Moreover, as long as the light source used for changing the number of dangling bonds contains the 
wavelength belonging to some absorption bands [ at least ] of a semi-transparent membrane, what kind 
of the light source is sufficient as it. The configuration of the light source is not restricted annularly, 
either, and if the form of the light source is set up corresponding to thickness distribution, such as a 
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globular shape and Kushigata, so that an illuminance may become large as thickness becomes thick, the 
thing of any gestalten is applicable. The light source or a substrate may be core-rotated or change-of- 

- mind rotated during an optical exposure. It is possible also by heating to acquire the same effectiveness. 
An optical exposure and heating may be combined. Furthermore, as for the processing time of these light 
exposure and heating, it is [ desired complex-index-of-refraction ****** ] desirable to set up so that 

- desired phase contrast and desired permeability may be filled. 

[0095] At this example, although the substrate core described the case where thickness was thick, 
compared with the perimeter, even when surrounding thickness is thick, it can apply with constituting so 
that the real part, the imaginary part, i.e., the refractive index, and the extinction coefficient of complex 
index of refraction may become smaller than the thin part of thickness in a part with thick thickness. 
Although this example is related with the substrate for KrF exposure, it cannot be restricted to this and 
can be applied about the semi-transparent membrane to any exposure wavelength including an X-ray etc. 

[0096] Moreover, it is applicable also about the substrate with which light-shielding films, such as Cr or 
MoSi, were formed on the translucency substrate at least at the part. About the substrate for exposure 
which a light-shielding film possesses under a semi-transparent membrane, it is good to form a semi- 
transparent membrane according to this example to the substrate for exposure from which the resist was 
applied to the substrate for exposure with which the light-shielding film was beforehand prepared in the 
substrate for exposure, light or selection exposure by the electron ray was performed; and the light- 
shielding film of the unnecessary section was removed. Moreover, after forming a semi-transparent 
membrane about the substrate for exposure which a light-shielding film possesses according to this 
example on a semi-transparent membrane, it is good to form a light-shielding film by the spatter or 
CVD, vacuum evaporationo, etc. 

[0097] Moreover, although this example is related with the semi-transparent membrane creation 
approach which has a uniform phase and uniform permeability within the film, it may be adjusted so that 
some semi-transparents membrane may become different permeability at least. When adjusting 
permeability partially, it is possible to attain the light which converged by irradiating locally. Although 
this processing may be carried out to the substrate creation time for exposure, you may carry out after 
translucent pattern formation. Thus, as for adjusting permeability partially, it is desirable to apply to an 
alignment mark with the wafer used within a pattern space in the case of exposure, an alignment mark 
with a reticle, and the boundary parts of a pattern formation field and an agenesis field. 
[0098] In addition, although the target permeability of the mask for exposure was made into 6% in this 
example, it does not restrict to this, and if it is 4 - 20% of range, it is applicable to any permeability. 
[0099] (Example 2) This example is a relating- with substrate for exposure using SiNx film (x is 
presentation ratio of arbitration) applied to semi-transparent membrane at g line, i line, KrF line, etc. 
thing, is divided here and explains the manufacture approach of the exposure substrate for KrF. 
[0100] Si was used as the target on the quartz substrate, and membranes were formed by making the 
mixed gas of an argon and nitrogen into carrier gas. In the target, the magnetic field was applied so that a 
spatter might arise in the shape of a ring. Although the membraneous quality at the time of membrane 
formation was able to obtain complex-index-of-refraction 2. 15 (refractive index)-0.6(extinction 
coefficient) i of homogeneity mostly in the substrate side, thickness showed distribution which becomes 
thick by the periphery as shown in drawing 12 . When the phase contrast within a substrate side and 
distribution of permeability were searched for from such complex index of refraction and thickness, 
centering on the substrate, the inclination for permeability to be high small again was acquired for phase 
contrast reflecting distribution of thickness. 

[0101] In order to abolish such phase contrast and distribution of permeability, the translucency 
substrate which formed membranes was exposed to the bottom of a low-pressure mercury lamp in the 
oxygen ambient atmosphere. This processing used for the wavelength of a low-pressure mercury lamp 
what uses 252nm and 187nm as a principal component for the purpose of reducing the refractive index 
of a part and all of an extinction coefficient by which light was irradiated. It was what the change by 
optical exposure absorbs the light of the wavelength by which the uncombined kind (dangling bond) 
which exists in a semi-transparent membrane is included in the absorption band, and depends the 
number of dangling bonds on lessening by joining together. 

[0102] The thick part 22 of the thickness of the substrate 21 formed membranes is made to correspond, 
and it was made for an exposure to increase in the thick part of thickness as a low-pressure mercury 
lamp, using the discharge tube 23 of cyclic structure, as shown in drawing 13 . In addition, the diameter 
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of a ring is set to 1 8cm and it was made for thickness to correspond to a thick part. 
[0103] The complex index of refraction after performing this processing is shown in drawing 14 . Before 
the exposure, the complex index of refraction which was uniform in the field is after an exposure, and 
was able to be made smaller than other fields in the field outside **5cm of cores. When the permeability 
and phase contrast of a semi-transparent membrane were measured in the same location which measured 
the complex index of refraction shown in drawing 14 , the result of drawing 15 was obtained. As shown 
by drawing 1 5 , the uniform property (phase contrast: 180-degree **2 times, **0.2% (5%) of on-the- 
strength permeability: central value) was able to be acquired in the translucency substrate side. 
[0104] Although control of permeability and phase contrast was difficult in order not to process by the 
conventional technique so that correlation as shown in drawing 1 between thickness distribution and 
complex-index-of-refraction distribution may be given Processing to which a presentation or an 
integrated state is changed after membrane formation like this example is performed, by including many 
oxygen by the elementary composition ratio according to thickness, i.e., the thick part of thickness, 
distribution of complex index of refraction was able to be produced and, thereby, permeability and the 
precision within a field of phase contrast were able to be raised. 

[0105] Although membranes were formed by the reactant spatter in this example, it is also possible not 
to restrict to this and to carry out by other membrane formation approaches, such as CVD and vacuum 
evaporationo. 

[0106] In addition, although this example showed the manufacture approach of the SiNx film Are 
applicable to the semi-transparent membrane containing a dangling bond instead of what is restricted to 
this. For example, metals, such as SiOx, SiOxNy, CrOx, CrNx, CrOxNy, AiOx, AINx, AiOxNy, CaFx, 
and MgFx, Or the semi-transparent membrane containing the oxide of a semi-conductor, a nitride, an 
acid nitride, and fluoride, It is applicable also to the semi-transparent membrane containing the oxide of 
metal silicide, such as MoSiOx, MoSiNx, MoSiOxNy, WSiOx, WSiOxNy, NiSiOx, NiSiNx, and 
NiSiOxNy, a nitride, an acid nitride, and fluoride, (x and y are the presentation ratio of arbitration) 
Moreover, as long as the light source used for changing the number of dangling bonds contains the 
wavelength belonging to some absorption bands [ at least ] of a semi-transparent membrane, what kind 
of the light source is sufficient as it. The configuration of the light source is not restricted annularly, 
either, and if the form of the light source is set up corresponding to thickness distribution, such as a 
globular shape and Kushigata, so that an illuminance may become large as thickness becomes thick, the 
thing of any configurations is applicable. The light source or a substrate may be core-rotated or change- 
of-mind rotated during an optical exposure. It is possible also by heating to acquire the same 
effectiveness. An optical exposure and heating may be combined. Furthermore, if a request carries out 
complex index of refraction of the processing time of these light exposure and heating and it is, it is 
desirable to set up so that desired phase contrast and desired permeability may be filled. 
[0107] Although distribution was given to the presentation of oxygen in this example, it does not restrict 
to this, and using nitrogen, fluorine, hydrogen, etc., distribution can be given about the presentation and 
the purpose of this application can also be attained. 

[0108] What is necessary is just to constitute from this example so that the real part, the imaginary part, 
i.e., the refractive index, and the extinction coefficient of complex index of refraction may become 
smaller than the thin part of thickness in a part with thick thickness even when surrounding thickness is 
thick although the substrate core described the case where thickness was thick, compared with the 
perimeter. 

[0109] Furthermore, when the real part, the imaginary part, i.e., the refractive index, and the extinction 
coefficient of complex index of refraction become small by raising the presentation of nitrogen, oxygen, 
fluorine, or hydrogen, it can apply with constituting so that the presentation ratio of nitrogen, oxygen, 
fluorine, or hydrogen may be raised in the thick part of thickness more relatively than the thin part of 
thickness. 

[01 10] Furthermore, what is necessary is just to constitute so that the presentation ratio of nitrogen, 
oxygen, fluorine, or hydrogen may be lowered in the thick part of thickness more relatively than the thin 
part of thickness when the real part, the imaginary part, i.e., the refractive index, and the extinction 
coefficient of complex index of refraction become large by raising the presentation of nitrogen, oxygen, 
fluorine, or hydrogen. 

[01 1 1] Although this example is related with the substrate for KrF exposure, it cannot be restricted to 
this and can be applied about the semi-transparent membrane to any exposure wavelength including an 
X-ray etc. 
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[01 12] Moreover, it is applicable also about the substrate with which light-shielding films, such as Cr or 
MoSi, were formed on the translucency substrate at least at the part. About the substrate for exposure 

, which a light-shielding film possesses under a semi-transparent membrane, it is good to form a semi- 
transparent membrane according to this example to the substrate for exposure from which the resist was 
applied to the substrate for exposure with which the light-shielding film was beforehand prepared in the 

- substrate for exposure, light or selection exposure by the electron ray was performed, and the light- 
shielding film of the unnecessary section was removed. Moreover, after forming a semi-transparent 
membrane about the substrate for exposure which a light-shielding film possesses according to this 
example on a semi-transparent membrane, it is good to form a light-shielding film by the spatter or 
CVD, vacuum evaporationo, etc. 

[01 13] Moreover, although this example is related with the semi-transparent membrane creation 
approach which has a uniform phase and uniform permeability within the film, it may be adjusted so that 
some semi-transparents membrane may become different permeability at least. When adjusting 
permeability partially, it is possible to attain the light which converged by irradiating locally. Although 
this processing may be carried out to the substrate creation time for exposure, you may carry out after 
translucent pattern formation. Thus, it is partially desirable to apply to an alignment mark with the wafer 
with which adjustment uses transmission within a pattern space in the case of exposure, an alignment 
mark with a reticle, and the boundary parts of a pattern formation field and an agenesis field. 
[0114] In addition, although the target permeability of the mask for exposure was made into 5% in this 
example, it does not restrict to this, and if it is 4 - 20% of range, it is applicable to any permeability. 
[0115] (Example 3) This example is a relating-with substrate for exposure using SiNx film (x is 
presentation ratio of arbitration) applied to semi-transparent membrane at g line, i line, KrF line, etc. 
thing, is divided here and explains the manufacture approach of the exposure substrate for i lines. 
[0116] Si was used as the target on the quartz substrate, and membranes were formed by making the 
mixed gas of an argon and nitrogen into carrier gas. In the target, the magnetic field was applied so that a 
spatter might arise in the shape of a ring. Moreover, mixed gas is introduced and it was made for 
nitrogen concentration to become high in the core of the substrate formed membranes by making the 
core of a target, and the core of the substrate formed membranes in agreement from the core of a target. 
[0117] In addition, thickness showed distribution which becomes thin by the periphery as shown in 
drawing 16 . Complex index of refraction acquired the distribution to which a refractive index and an 
extinction coefficient become low in a core as shown in drawing 17 . When the permeability and phase 
contrast of a semi-transparent membrane were measured in the same location which measured the 
complex index of refraction shown in drawing 1 7 , the result of drawing 18 was obtained. As shown by 
drawing 18 , the uniform property (phase contrast: 180-degree **1 time, **0.1% (8%) of on-the-strength 
permeability: central value) was able to be acquired in the translucency substrate side. 
[0118] Although control of permeability and phase contrast was difficult in order not to process by the 
conventional technique so that correlation as shown in drawing 1 between thickness distribution and 
complex-index-of-refraction distribution may be given By adjusting a presentation or an integrated state 
like this example at the time of membrane formation, many nitrogen was able to be included by the 
elementary composition ratio according to thickness, i.e., the thick part of thickness, distribution of 
complex index of refraction was able to be produced, and, thereby, permeability and the precision within 
a field of phase contrast were able to be raised. 

[01 19] Although membranes were formed by the reactant spatter in this example, it is also possible not 
to restrict to this and to carry out by other membrane formation approaches, such as CVD and vacuum 
evaporationo. 

[0120] In addition, although this example showed the manufacture approach of the SiNx film Are 
applicable to the semi-transparent membrane containing a dangling bond instead of what is restricted to 
this. For example, metals, such as SiOx, SiOxNy, CrOx, CrNx, CrOxNy, AiOx, AINx, AiOxNy, CaFx, 
and MgFx, Or the semi-transparent membrane containing the oxide of a semi-conductor, a nitride, an 
acid nitride, and fluoride, It is applicable also to the semi-transparent membrane containing the oxide of 
metal silicide, such as MoSiOx, MoSiNx, MoSiOxNy, WSiOx, WSiOxNy, NiSiOx, NiSiNx, and 
NiSiOxNy, a nitride, an acid nitride, and fluoride, (x and y are the presentation ratio of arbitration) 
Moreover, you may carry out by the same technique as the after treatment which performed fine tuning 
of complex index of refraction after the membrane formation shown in the example 1 . Furthermore, you 
may carry out by the same technique as the after treatment which performed fine tuning of a presentation 
ratio after the membrane formation shown in the example 2. 
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[0121] Moreover, what is necessary is to give the chamber internal division cloth of the reactant gas at 
the time of membrane formation, or the presentation distribution over each location of a semi- 

. transparent membrane, and just to attain the purpose of this application using the nitrogen contained in 
the presentation, fluorine, hydrogen, etc., according to the presentation of the semi-transparent 
membrane which is not going to restrict to this and it is finally going to obtain, corresponding to a 

: membranous ingredient, although distribution was given to the presentation of nitrogen in this example. 
[0122] What is necessary is just to constitute so that the real part, the imaginary part, i.e., the refractive 
index, and the extinction coefficient of complex index of refraction may become smaller than the thin 
part of thickness in a part with thickness thick even when thickness is thick around although the 
substrate core stated the case where thickness was thick, compared with the perimeter by this example. 
[0123] Furthermore, what is necessary is just to constitute so that the presentation ratio of nitrogen, 
oxygen, fluorine, or hydrogen may be raised in the thick part of thickness more relatively than the thin 
part of thickness when the real part, the imaginary part, i.e., the refractive index, and the extinction 
coefficient of complex index of refraction become small by raising the presentation of nitrogen, oxygen, 
fluorine, or hydrogen. 

[0124] Furthermore, what is necessary is just to constitute so that the presentation ratio of nitrogen, 
oxygen, fluorine, or hydrogen may be lowered in the thick part of thickness more relatively than the thin 
part of thickness when the real part, the imaginary part, i.e., the refractive index, and the extinction 
coefficient of complex index of refraction become large by raising the presentation of nitrogen, oxygen, 
fluorine, or hydrogen. 

[0125] Although this example is related with the substrate for KrF exposure, it cannot be restricted to 
this and can be applied about the semi-transparent membrane to any exposure wavelength including an 
X-ray etc. 

[0126] Moreover, it is applicable also about the substrate with which light-shielding films, such as Cr or 
MoSi, were formed on the translucency substrate at least at the part. About the substrate for exposure 
which a light- shielding film possesses under a semi-transparent membrane, it is good to form a semi- 
transparent membrane according to this example to the substrate for exposure from which the resist was 
applied to the substrate for exposure with which the light-shielding film was beforehand prepared in the 
substrate for exposure, light or selection exposure by the electron ray was performed, and the light- 
shielding film of the unnecessary section was removed. Moreover, after forming a semi-transparent 
membrane about the substrate for exposure which a light-shielding film possesses according to this 
example on a semi-transparent membrane, it is good to form a light-shielding film by the spatter or 
CVD, vacuum evaporationo, etc. 

[0127] Moreover, although this example is related with the semi-transparent membrane creation 
approach which has a uniform phase and uniform permeability within the film, it may be adjusted so that 
some semi-transparents membrane may become different permeability at least. When adjusting 
permeability partially, it is possible to attain the light which converged by irradiating locally. Although 
this processing may be carried out to the substrate creation time for exposure, you may carry out after 
translucent pattern formation. Thus, it is partially desirable to apply to an alignment mark with the wafer 
with which adjustment uses transmission within a pattern space in the case of exposure, an alignment 
mark with a reticle, and the boundary parts of a pattern formation field and an agenesis field. 
[0128] In addition, although the target permeability of the mask for exposure was made into 8% in this 
example, it does not restrict to this, and if it is 4 - 20% of range, it is applicable to any permeability. 
[0129] (Example 4) This example is related with the mask for exposure created using the substrate for 
exposure created in the examples 1-3. 

[0130] First, as shown in drawing 19 (a), after applying the photopolymer ingredient 43 on the 
translucency substrate 41 with which the semi-transparent membrane 42 was formed and performing 
baking, it drew by optical exposure. Subsequently, it is CF4 about the semi-transparent membrane 42 
exposed as shown in drawing 19 (c) after development removed either the part by which light was 
irradiated, or the part which is not irradiated, as shown in drawing 19 (b). It removed by the dry etching 
by the mixed gas of oxygen. Finally, as shown in drawing 19 (d), oxidation removal was performed for 
the photopolymer ingredient 43 in the oxygen plasma, and the desired mask for exposure was created. 
[0131] In addition, it carried out by giving the etching velocity distribution which the optical property 
embraced so that dry etching could be deleted to homogeneity in a field by this example. Moreover, 
although optical exposure was used for drawing in this example, it may not restrict to this and electron 
beam lithography may perform. In this case, although the resist for electron rays is used also for a resist, 
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the film which consists of conductive ingredients, such as SnO and ITO, as the upper layer or the lower 
layer of this resist may be prepared. 
r [0132] It can choose whether to remove etching in different direction according to the purpose, or to 
remove isotropic. 

[0133] Moreover, what is necessary is just to choose the gas conditions of etching according to the 
- quality of the material of a semi-transparent membrane. For example, what is necessary is just to etch by 
the gas which contains the matter containing a fluorine element at least, when Si is included in a semi- 
transparent membrane like this example. Moreover, what is necessary is just to etch by the gas which 
contains the matter containing a chlorine element at least, when Cr is included. 
[0134] (Example 5) In processing wiring etc. about the manufacture approach of the semiconductor 
device using the mask for exposure which created the substrate for exposure created in the example 2 
based on the example 4, this example is the technique for creating Rhine or a tooth-space pattern. 
[0135] First, as shown in drawing 20 (a), the photopolymer ingredient 52 which has photosensitivity in 
KrF excimer laser was formed by about 1 micrometer of thickness on the processed substrate 51 . To this 
substrate, as shown in drawing 20 (b), the mask pattern was imprinted into the sightseeing nature resin 
ingredient 52 using the lens 53. It is a secondary surface of light source, incidence was carried out to the 
mask for exposure of example 4 publication so that only the light from the specific location of the 
symmetry might be condensed 4 times to an optical axis, and specifically, image formation of the mask 
pattern image was carried out on the processed substrate 51 . In addition, opening set as the symmetry 
section 4 times to the optical axis of a secondary surface of light source is constituted so that the 
direction of a long side and the Rhine & tooth-space section of a minimum pitch may cross at right 
angles to the part whose at least one pair exists, and at least one side of the rectangle which connects 
opening which is in the symmetry section 4 times, and is obtained, or a square may come. 
[0136] Development depended sentimentally was performed after exposure, and the resist pattern was 
formed as shown in drawing 20 (c). By this technique, 0.25-micrometer pattern was able to be created in 
the chip side to less than **0.025 micrometers of dimension fluctuation in the range with a focal location 
of **1.5 micrometers. In addition, when a mask with bad phase contrast created with the conventional 
method and precision within a field of permeability was used, 0.25-micrometer pattern has been created 
by less than **0.025 micrometers of dimension fluctuation in the chip side only in the range with a focal 
location of **0.7 micrometers. Since phase contrast is not 180 degrees around, this cause is because the 
depth of focus became small. 

[0137] As this example showed, it was possible to have obtained the broad depth of focus on a processed 
substrate by using the exposure mask created by this invention, and electrical characteristics (resistance, 
current value, etc.) were able to create the very uniform mask by using such a mask for a part of process 
[ at least J. 

[0138] Although the lighting diaphragm which has opening 4 times at the axial symmetry section was 
adopted as the location of the secondary light source in this example, the diaphragm which does not 
restrict to this and has opening in the axial symmetry section (n is an integer) n times may be used. 
Moreover, the diaphragm which has annular opening to an optical axis may be used. 
[0139] (Example 6) This example is the technique for creating the hole pattern for taking contact about 
the manufacture approach of the semiconductor device using the mask for exposure which created the 
substrate for exposure created according to the example 3 based on the example 4. 
[0140] The photopolymer ingredient which has photosensitivity in KrF excimer laser was formed by 
about 1 micrometer of thickness on the processed substrate. Incidence of the circular lighting which it 
has in this substrate centering on an optical axis including an optical axis was carried out to the mask for 
exposure of example 4 publication, and image formation of that image was carried out on the processed 
substrate. 

[0141] Development depended sentimentally was performed after exposure and the resist pattern was 
formed. By this technique, the 0.30-micrometer hole pattern was able to be created in the chip side to 
less than **0.03 micrometers of dimension fluctuation in the range with a focal location of **0.8 
micrometers. In addition, when a mask with bad phase contrast created with the conventional method 
and precision within a field of permeability was used, 0.30-micrometer pattern has been created by less 
than **0.030 micrometers of dimension fluctuation in the chip side only in the range with a focal 
location of **0.5 micrometers. Since phase contrast is not 1 80 degrees around, this cause is because the 
depth of focus became small while change of a focal location arises. 

[0142] As this example showed, it was possible to have obtained the broad depth of focus on a processed 
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substrate by using the exposure mask created by this invention, and electrical characteristics (resistance, 
current value) were able to create the very uniform mask by using such a mask for a part of process [ at 
least]. 

[0143] This exposure approach is not restricted to a hole pattern, and was very effective also to the 
isolated Rhine pattern and the isolated tooth-space pattern. 

[0144] In addition, this invention is not limited to each example mentioned above, it is the range which 

does not deviate from the summary, and can deform variously and can be carried out. 

[0145] 

[Effect of the Invention] As explained in full detail above, uniform phase contrast and permeability on 
the strength can be obtained in a substrate side by according to this invention, adjusting a presentation 
ratio according to the difference in the thickness of a semi-transparent membrane, and adjusting complex 
index of refraction, the mask image for exposure can be imprinted to a processed substrate using such a 
mask for exposure, and an accurate semiconductor device can be obtained to electrical characteristics by 
processing it. 

[Translation done.] 
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* NOTICES * 

JFO and INPXT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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